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Introduction. It is strongly advised by the European Resuscitation Council not to interrupt chest compressions for airway 
management. An alternative to tracheal intubation is the use of a supraglottic airway device (SAD) which should shorten 
“hands-off” time during cardiopulmonary resuscitation (CPR). Chest compression fraction (CCF) should be above 0.6 to 
ensure the probability of successful CPR. We compared the performance of airway management during CPR provided by
paramedics using the laryngeal mask (LMA) Supreme, Combitube and endotracheal intubation (ET) in a manikin model.
Materials and Methods. Thirty sophomore students of emergency medicine school for paramedics took part in the study. 
The primary endpoint was to assess the influence of the type of airway management on CCF. The time to successful airway 
management (TA) was measured and the minute ventilation was assessed using the respirator Medumat Easy and program 
AMBU® CPR SOFTWARE during uninterrupted CPR. CCF was measured using CPRmeter - QCPR (Laerdal).
Results. Mean CCF was significantly better for LMA Supreme (0.8 vs 0.71 vs 0.65), mean TA was significantly shorter for 
LMA supreme: 16.5 sec vs 24.37 sec vs 28,3 sec, the success rate in the first attempt was 100% vs 66.6% vs 100%, mean 
air leak during chest compressions was 14% vs 8% vs 15% for LMA Supreme, ET and Combitube respectively. 
Conclusion. The LMA Supreme is an effective tool for airway management during chest compression and provides adequ-
ate ventilation.
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Introduction
For securing a patient’s airway during 
cardiopulmonary resuscitation, the 
European Resuscitation Council (ERC) 
recommends tracheal intubation. (1) 
This gold standard is a procedure 
which requires a highly qualified and 
experienced operator. An alternative 
to tracheal intubation is the use of a 
supraglottic airway device (SAD), which 
seems to be more handy and easi-
er for those not very experienced in 
endotracheal intubation. In Poland, as 
in many other countries, paramedics 
deal with out-of-hospital cardiac arrest. 
They are trained to perform intubation, 
but because of the number of intuba-
tions they perform per year (on avera-
ge 6-12), (2) they are not as skilled as 
for example anesthesiologists. Every 
endotracheal intubation in emergency 
settings is considered to be difficult, so 
it may take longer and lead to possible 
complications. As recommended by 
the ERC, time for airway management 
should be no longer than 10 sec. (1) 
Any interruption in chest compressi-
ons decreases the Chest Compression 
Fraction (CCF). CCF is defined as the 
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proportion of cardiopulmonary resusci-
tation (CPR) time spent providing chest 
compressions and has a very impor-
tant influence on survival after cardiac 
arrest (CA) and CPR. (3) The highest 
survival has been observed in patients 
where 61% to 80% of CPR time was 
spent doing chest compressions. SADs 
are recommended as an alternative to 
endotracheal tubes (ET). They can even 
be inserted without interruption to chest 
compressions. 
We hypothesize that the laryngeal mask 
(LMA) Supreme may be as efficient as 
intubation for ventilation during chest 
compression while performing CPR. 
As Combitube is still recommended as 
part of the airway management trolley, 
we decided to compare it with LMA 
Supreme and endotracheal intubation 
during chest compression on a manikin 
model.
Material and Methods
The study protocol was approved by the 
Medical University of Lodz Ethics Com-
mittee (Protocol Number:RNN/607/10/
KB, Chair person: prof. P. Polakowski, 
12th October, 2010). Thirty sophomo-
res of the emergency medical school 
for paramedics took part voluntarily in 
the study. All participants had stan-
dard training in using SADs (including 
LMA Supreme and Combitube) and 
endotracheal intubation during their 
course at the school. The simulated 
CPR scenarios were: endotracheal intu-
bation using a standard laryngoscope 
with a Mackintosh blade (McL), and 
airway management using LMA Supre-
me (LMA Company, GB) or Combitube 
(Tyco Healthcare Nellcor, Pleasanton, 
CA). The participants arbitrarily chose 
the sequence of scenarios. After the 
first scenario they had a break and 
then the same team started on the next 
scenario. Every participant performed 
airway management with both evalua-
ted methods. Airway management was 
performed with necessary interrupti-
on of chest compressions on manikin 
Ambu MegaCode Man with a normal 
airway (no difficult airway simulation) 
lying on the ground. The time from gra-
bbing the tool to achieving successful 
ventilation confirmed by a volumeter 
on the manikin during self-inflating bag 
ventilation was recorded. A size 3 blade 
of the McL or the LMA Supreme number 
4, Combitube for adults was used in 
all cases. For each insertion, all airway 
devices and the manikin’s airway were 
well lubricated in accordance with the 
instructions of the manufacturer. The 
internal diameter of the tracheal tube 
was 7.5 mm. The manikin was placed 
on the floor, and all trials were perfor-
med at the same level. One student 
performed chest compressions while 
the other did airway management. The 
frequency of chest compressions was 
100/min, and the clock was used to 
keep it constant. The chest compre-
ssion depth of 4–5 cm was confirmed 
by electronic measurement by Ambu-
MegaCode Man manikin system. LMA 
Supreme cuff was filled with 20 ml of 
air in every case. Only the first attempt 
was evaluated for every device. Chest 
Compression Fraction was measured 
by CPR meter (Laerdal, Norway) with 
Q-CPR technology. After a 2 minute 
session, the CCF was recorded from 
the measuring device.
After successful airway management, 
mechanical ventilation was commen-
ced with the respirator Medumat Easy 
(Weinmann, Germany). Using the pro-
gram AMBU® CPR SOFTWARE, minu-
te ventilation with ET or LMA Supreme 
was measured during continuing chest 
compressions for 2 minutes. For evalu-
ation of effectiveness of ventilation we 
used a research model consisting of 
AmbuMegaCode Man manikin system 
connected to the computer (figure 1). 
The air leak during CPR for each airway 
device was counted using the following 
formula: PMx=1 – (∑
n i=1 PVx)PVc
-
1[%], where: PMx – air leak, PVx- mea-
sured minute ventilation, PVc- control 
minute ventilation, x- studied device, 
n- number of participants.
Control minute ventilation was measured 
using the same model and endotracheal 
intubation without chest compressions 
with parameters:  Respiratory Rate RR- 
10 [1/min], Tidal volume VT -0,9 L.
Statistical analysis was performed using 
Statistica 10.0 software (Statsoft, Tulsa, 
OK, USA). Collected parameters were 
subjected to ANOVA statistical anal-
ysis. The Shapiro-Wilk test was used to 
assess if variables had a normal distri-
bution and Levene test to assess the 
equality of variances. For comparison 
of success rates and for non-paired 
categorical data analysis the chi-squ-
ared test was used. Continuous data 
were analyzed with Mann-Whitney U 
test. A P value <0.05 was considered 
statistically significant.
Results
Participants‘demographic data are 
presented in table 1. Mean CCF was 
significantly better for LMA Supreme 
and Combitube compared to ET: 0.8 
(SD 0.062, Median 0.8, range 0.67-
0.93) vs 0.71 (SD 0.048, Median 0.705, 
Table 1. Participants’ demographic 
data. Values are mean, standard 
deviation (SD) and range.
Parameter Value 
Gender (F/M) 18/12
Weight [kg] 60.9 SD 11.95[45-96]
Height [cm] 169.7 SD 8.23[152-189]
Figure 1.  Study model for evaluation 
of air leak during ventila-
tion and cardiopulmonary 
resuscitation (CPR): 1. 
Ambu Cardiac Care mani-
kin, 2. Medumat Easy respi-
rator, 3. Analog-cyber tran-
sducer, 4. Notebook with 
Ambu CPR SOFTWARE.
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range 0.53-0.93) vs 0.65 (SD 0.051, 
Median 0.65, range 0.43-0.9) for LMA 
Supreme vs ET respectively and Com-
bitube (p<0.05). 
The mean time for successful airway 
management was significantly shorter 
for LMA Supreme, and the longest for 
Combitube: 16.5 (SD 0.3, Median 16.4, 
range 14.1-22.3 sec) vs 24.37 (SD 0.6, 
Median 23, range 18.9-28.6 sec) vs 
28.3 (SD 3.0, Median 28, range 23-36.4 
sec) for LMA Supreme, Combitube and 
endotracheal intubation respectively 
(p<0.05) (figure 2). The success rate 
in the first attempt was 100% for LMA 
Supreme and 66.6% for endotrache-
al intubation (20/10) (p<0.05).  The 
Cumulative Success Ratio is presented 
in figure 3. Mean air leak during chest 
compressions was 14% for LMA Supre-
me and 8% for endotracheal intubation 
(p<0.05).
Discussion
Airway management is considered an 
essential element of both in-hospital 
and out-of-hospital CPR. Tracheal intu-
bation is the most widely used method 
for airway management, but it is con-
sidered difficult to use for occasional 
users. Airway management in out-of-
hospital CPR can be very demanding. 
The percentage of esophageal intuba-
tions in emergency settings can be up 
to 14%. (4) Therefore the airway device 
that is easier to use, has a higher rate 
of success and allows ventilating the 
patient with higher pressures (needed 
in CPR because of chest compressions 
that interfere with ventilation) is a good 
alternative to endotracheal intubation. 
LMA supreme is designed for easy 
insertion (curved shape), higher than 
other supraglottic devices’ pressure 
ventilation (up to 37 cmH2O – “first 
seal”), (5) and better prevention from 
aspiration of gastric content (“second 
seal system”),  (6) which is especially 
important in out-of-hospital CPR.  
Chest compressions should not be 
stopped in order to maximize coro-
nary and cerebral perfusion pressure, 
however, if airway management without 
interruption of chest compression is not 
possible, then CPR can be stopped. 
The time for endotracheal intubation 
in this situation should not be longer 
than 10 sec. (1) To minimize the risk 
of hypoxia, an insertion of a SAD can 
be carried out during cardiopulmonary 
resuscitation without interrupting chest 
compression. Gatward et al. performed 
a study on forty doctors and reported 
that chest compression did not signi-
ficantly prolong the time needed to 
insert a SAD. (7) Median “hands-off” 
time was 4.5 sec. Authors also report 
that the time needed to insert a SAD 
does not depend on previous expe-
rience of the operator. (7) SADs are 
better than bag-mask-ventilation (BMV) 
during CPR regarding CCF. (8) Jensen 
et al. evaluated the influence of the use 
of a King Laryngeal Tube and BMV 
in simulated CPR conditions on CCF. 
They had similar observations to ours: 
CCF for laryngeal tube was 0.82. In our 
study we observed that CCF is signifi-
cantly decreased in the case of endo-
tracheal intubation compared to LMA 
Supreme insertion. This was because 
ET, endotracheal tube; LMA laryngeal mask.
Figure 2.  Time of successful airway management confirmed by ventilation 
with self-inflating bag (only first successful endotracheal tube 
attempts are taken into consideration, n=20/30).
ET, endotracheal tube; LMA laryngeal mask.
Figure 3.  Cumulative Success Ratio (CSR) at first attempt of airway manage-
ment with evaluated devices.
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of a significantly longer time of ET and 
significantly lower success rate at first 
attempt for ET (and necessity of repe-
ating ET attempt) compared to LMA 
Supreme. In our study we showed that 
achieving proper ventilation was signifi-
cantly faster in cases of LMA Supreme. 
The time for successful insertion of LMA 
Supreme during the CPR scenario was 
longer in our study compared to the 
results of Kohama et al.: 16.4 SD vs 5.8 
SD 1.6 s respectively. (9) A possible 
explanation is that in the Kohama study 
LMA Supreme insertion was performed 
by anesthesiologists whereas in our 
study it was performed by paramedics. 
As mentioned in the introduction, ane-
sthesiologists have more experience 
with airway management compared 
to paramedics. Longer mean “hands-
off” time for endotracheal intubation 
comparing to SAD airway management 
during CPR was observed also by Gru-
ber C et al. (10)  In their study the “han-
ds-off” time for ET was longer than in 
our study: 39.4 s vs 24.4 s, but for LMA 
shorter: 10.2 s vs 16.5 s.  As for Com-
bitube they observed a much shorter 
“hands-off” time than we did (7.9 s vs 
28 s). Other SADs (I-Gel, Easy Tube 
and Laryngeal Tube) had similar “han-
ds-off” time to LMA. In their previous 
study they observed even longer “han-
ds-off” time for intubation (48 sec) and 
LMA (13.3 sec). (11) Hands-off time 
was significantly longer with the con-
ventional endotracheal tube than with 
any of the other airway systems. Using 
supraglottic airway devices, EMTs achi-
eved a hands-off time within the reco-
mmended time limit of 10 sec. They 
conclude that SADs are a reasonable 
airway strategy for emergency medical 
personnel not very experienced with ET. 
Our observation supports this hypot-
hesis in the case of LMA Supreme. As 
for Combitube, a surprisingly long time 
was necessary to insert this device in 
our study, influencing CCF. This sug-
gests that Combitube may not be a 
good option for airway management 
during CPR. 
There are a limited number of studies 
evaluating the effectiveness of venti-
lation during CPR comparing SADs 
and ET. Kohama et al. measured peak 
pressures during ventilation and chest 
compressions. For LMA Supreme it 
was 20.6 ± 8.6 cmH2O. (9) This should 
allow ventilation with LMA Supreme 
with minimal air leak during CPR. In 
our study we found that chest com-
pressions influence minute ventilation. 
For LMA Supreme, the effectiveness of 
maintaining minute ventilation was 86% 
(comparing to ET 92%). In our opinion 
it is still acceptable and should provi-
de adequate oxygenation during CPR. 
Genzwuerker et al. evaluated the laryn-
geal tube for ventilation during CPR. 
(12) They found that chest compressi-
ons caused a significant decrease in 
tidal volumes during ventilation with the 
automatic transport ventilator. Ocker 
et al. evaluated the influence of SAD 
usage: laryngeal mask and Combitube 
on lung ventilation and gastric inflation 
during CPR compared to BMV. (13) 
They found that both SADs were effec-
tive in maintaining MV during CPR and 
the incidence of gastric inflation was 
very low. 
Endotracheal intubation in our study 
was significantly more difficult and had 
a significantly lower success rate at 
the first attempt. To achieve proper 
ventilation and oxygenation as fast as 
possible is especially important in out-
of-hospital CPR, where patients are 
often already in profound hypoxia. The 
higher success rate and faster time to 
proper ventilation during CPR may be 
achieved using a SAD especially in the 
case of occasionally users. (14,15)
The effectiveness of LMA Supreme 
during chest compression in clinical 
settings was confirmed in the case 
report by Murdoch et al. (16) A patient 
who was enrolled in a study evaluating 
the LMA-Supreme for anesthesia had a 
cardiac arrest. Immediately, chest com-
pressions were commenced. For the 
whole period of CPR, LMA-Supreme 
ensured sufficient ventilation. Signs of 
cyanosis or hypoxia were not observed. 
This suggests that the results obtained 
from the manikin study may draw some 
conclusions applicable to real emer-
gency situations.
There are several limitations of our 
study: The results of manikin-based 
studies are limited in interpretation 
compared with humans, although we 
used a very good manikin model for 
airway management and ventilation. 
The conditions for CPR were ideal: no 
stress factor, no environmental factors 
(for example rain, limited access to the 
patient). We evaluated participants with 
clinical experience – they were last year 
students of the school for paramedics. 
Still we think that the results of our study 
can be valid for evaluation of airway 
methods in CPR for paramedics.  
Conclusion
We conclude that the LMA Supreme is 
an effective tool for emergency airway 
management during CPR ensuring 
higher CCF and allowing adequate 
ventilation compared to endotracheal 
intubation performed by paramedics.
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